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Abstract 
The climatological features of the diurnal cycle of cloudiness were investigated over three convective centers 
of interest over South Asia: over the Himalayas; north India and the Bay of Bengal (BOB). Three hourly 
blackbody brightness temperature (TBB) data from the METEOSAT-5 and rainfall data (3B42) from the Tropical 
Rainfall Measuring Mission (TRMM) were utilized. Analysis was concentrated on pre-monsoon and the summer 
monsoon season. Two methods were used to detect cloudiness: one method counted cloud clusters (CC) and 
utilized cloud tracking technique to identify time clusters (TC); and the other method computed cloud cover 
frequency (CCF). CC was defined as a contiguous area of pixels with TBB lower than the threshold of 219 K. The 
CCF was derived using 235 K as the threshold. 
 
From the analysis, it was noted that there were many CC over north India in the pre-monsoon season 
especially during the late afternoon hours. But deep convective activity was weaker over the region during the 
summer monsoon season. Bimodal diurnal cycle in CC occurrence was noted over the Himalayas during the 
summer monsoon season. It was noted that the peak convective activity occurred at 6 LT for the Bay of Bengal 
during both the summer monsoon and the pre-monsoon season. The life cycle of cloud clusters during summer 
monsoon season was also investigated. The diurnal cycle varied with location. There appeared a gradual delay in 
the preferred time of initiation, attainment of maximum area and dissipation as one progresses northward from 
BOB region through north India to the Himalayas. 
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1. Introduction 
Atmospheric convection seems ubiquitous over South 
Asia. The widespread cloud and precipitation activity during 
monsoon period has long been recognized over the region. 
The frequency of convection is modulated by a variety of 
phenomena including monsoon depressions, intraseasonal 
active-break phases and the local diurnal circulations such as 
land-sea breezes and mountain-valley winds.  
 
Changes in convective activity on the diurnal time scale 
have been observed in many places around the globe. If we 
examine the South Asian region covered by previous 
cloud/precipitation studies, Indian Ocean have been 
explored more than the adjoining landmasses (Gambheer 
and Bhat 2001). Convective activity over domains within 
South Asia has not been sufficiently researched, although 
there were some studies on diurnal variations. Kodama et al. 
(2005) reported maximum lightning activity over the east 
coast and north part of India during the pre-monsoon season. 
In the Himalayas, bimodal diurnal cycle of rainfall has been 
reported from limited ground-based and satellite 
observations (e. g., Bhatt and Nakamura 2006). Over the 
northwest side of Bay of Bengal (BOB), Zuidema (2003) 
documented a high degree of convective activity with 
morning maximum in cloudiness in the summer monsoon 
season. The monsoon depressions from BOB usually move 
northward or northwestward accompanied by the onshore 
transport of moist air. There is substantial convective 
organization. The associated rainfall is distributed across 
three regional maxima centered separately in BOB, north 
India and the southern slopes of the Himalayas (Xie et al. 
2006). The diurnal variability over the centers of heavy 
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rainfall in BOB, north India and the Himalayas has not been 
sufficiently researched and deserve further attention. Based 
on the observations reported by Xie et al. (2006), three 
convective centers of interest (Fig. 1) are identified for this 
work: region A in the Himalayas; region B in north India and 
region C in the BOB to examine fine-scale variations of 
convective activity.  
 
The aim is to delineate the climatological diurnal 
convective activity over three convective centers during the 
pre-monsoon and especially in the summer monsoon 
seasons. We use high spatial resolution infrared (IR) data 
denoting cloud fields from METEOSAT-5. We also 
performed a simple validation of METEOSAT results with 
Tropical Rainfall Measuring Mission (TRMM) data from 
over ten years. 
 
Figure 1: Terrain height (units: m) over South Asia. The 
three regions used to study cloud diurnal variations are:  
region A, region B and region C. 
 
2. Data and Method 
 Two sets of satellite data were used. One was TRMM rain 
product (3B42) available on 0.25º x 0.25º grid with temporal 
resolution of 3 hours from 1999 to 2008. This product is 
from multiple satellite microwave and infrared 
measurements (Huffman et al. 2007). The other was 
METEOSAT-5 IR brightness temperature (TBB) data 
available with spatial resolution of 5 km and temporal 
resolution up to 1 hour for 1999 and 2000 but data at hand 
was limited to  0, 3, 6, 9, 12, 15, 18 and 21 Local Times 
(LT) to be comparable with the TRMM dataset. Local times 
are defined as Universal Time Coordinate (UTC) + 6 hours. 
12 months of data from both datasets were divided into two 
seasons: pre-monsoon season for March, April and May 
(MAM); and summer monsoon season for June, July and 
August (JJA).   
 
Two methods were used to detect cloudiness from 
METEOSAT-5 data. One utilized cloud cluster (CC) 
technique while the other computed cloud cover frequency 
(CCF). In the CC technique, deep convective clouds were 
detected as patches of very low TBB. A CC was defined as a 
contiguous area larger than 2000 km2 and with a brightness 
temperature lower than 219 K. The cloud tracking procedure 
used here was similar to the one described by Williams and 
Houze (1987). To detect convective clouds in the CCF 
technique, it was assumed that cloudy sky has not only 
cooler but also less homogeneous distribution of TBB than 
clear sky. The CCF was derived using 235 K as the 
threshold. 
 
3. Results and Discussion 
 
3.1 METEOSAT-5 data  
The selected two years, 1999 and 2000 are not 
exceptional with regards to inter-annual climatic variations 
in the region. The space-time variability of deep convective 
clouds during the pre-monsoon and summer monsoon will 
be described. We examined areal representation of the 
diurnal cycle of cloudiness without considering each CC’s 
life span over South Asia in the three regions. Figure 2a 
shows the diurnal variation of the normalized number of CC 
over a day for the pre-monsoon season. The average number 
of CC in every 3-hour interval in local time has been 
normalized by the respective total number of CC in a day for 
each region so that the relative variation stands out. The peak 
occurrence of CC over region B and the region A is in the 
mid-afternoon (15 LT). On the other hand, in region C, the 
maximum occurs in the early morning (6 LT). Thus, the 
phase of the diurnal cycle differs greatly between land and 
sea. The enhanced CC distribution over north India 
including region B was nearly oriented in NE-SW direction 
as it was noted in the spatial distribution of CC (not shown). 
 
Figure 2b shows the diurnal variation of the normalized 
number of CC over a day for the summer monsoon season. 
The peak appears earlier in this season at 12 LT over region 
B, while the region A peak remains at 15 LT. The shift in the 
time of maximum convective activity from early afternoon 
in the region B to late afternoon over the region A may 
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suggest northward migration of deeply convecting MCSs. It 
is remarkable that the peak convective activity occurs at 6 
LT for region C during both the summer monsoon and the 
pre-monsoon. These results are in agreement with diurnal 
cycle studies by Ohsawa et al. (2001), Yamamoto et al. 
(2008) and Zuidema (2003) over the BOB region. From the 
spatial distribution, it was noted that deep convective activity 
was weak during the summer monsoon (not shown).  
 
 
 
 
 
 
 
 
  
We further focused on the summer monsoon season and 
investigated the life time of cloud clusters over three 
domains (Fig. 3). For the Himalayan region, time cluster 
(TC) mostly form in the early afternoon (12-15 LT), attain 
their maximum area around 15 LT and then decay away by 
the early evening (18-21 LT). In region B, initiations tend to 
occur in the early morning (6-9 LT) but maximum area is 
only attained around noon (12 LT) followed by dissipation in 
the early afternoon (12-15 LT).  The region C stands out 
among the three regions in that initiation, attainment of 
maximum area and dissipation all tend to take place before 
noon (around 3-6 LT, 6 LT and 9-12 LT respectively). 
 
 
 
 
 
 
 
 
 
Figure 3: The number of TC distributed over their local time 
of initiation (left column), attainment of maximum area 
(middle column) and dissipation (right column) in JJA 
1999-2000. The first, second and third rows correspond to 
the regions A, B and C respectively. 
 
 
  
3.2 TRMM data   
 Ten years of TRMM 3B42 rainfall data (1999-2008) was 
analyzed. The findings have the statistical significance to 
establish the robustness of the same phenomena that was 
revealed in the shorter METEOSAT-5 dataset. The spatial 
distribution of normalized differential rainfall index (NDRI) 
during MAM and JJA of 1999-2008 is computed 
(Yamamoto et al. 2008). Moderate to large NDRI over 
region C suggests relatively strong diurnal variations (Fig. 4). 
Over regions A and B, the NDRI values are more variable. 
During the pre-monsoon season in region A, the low 
nighttime rainfall in the TRMM observations does not 
correspond with the high nighttime occurrence of CC noted 
in Meteosat-5 results. For the summer monsoon season, 
there is concentration of nighttime intense rainfall over the 
region A. The nighttime occurrence of CC, which could 
imply the likelihood of rain, is evident in the METEOSAT-5 
data analysis. Results from Meteosat-5 for region B and C 
also agree well with TRMM rainfall analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Diurnal variation of the number of CC 
normalized by the total number of CC over a day for each 
region during MAM 1999-2000 (a) and during JJA 
1999-2000 (b). The black, gray and white bars denote results 
for the regions A, B and C respectively. 
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The life cycle of cloud clusters during summer monsoon 
is worthy of note: statistically speaking, there is a gradual 
delay in the preferred time of initiation, attainment of 
maximum area and dissipation as one progresses northward 
from regions C through  B to A.  
 
－ 36 －
30N 
25N 
20N 
15N 
tO~OE 75E BOE 85E 90E 95E 
0.9 
0.7 
0.5 
0.2 
